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SUMMARY

7165

An investigation was conducted in the Ames 1h-inch helium tunnel to
determine the hypersonic aerodynamic characteristics of an entry configura-
tion consisting of approximately half of a blunted cone having a semivertex
angle of 30° and a faired afterbody. The faired afterbody was added to the
basic entry configuration to provide a horizontal landing capability. The
tests were conducted using helium as a test gas at Mach numbers of 10.7 and
21.2 with Reynolds numbers of 800,000 and 1,200,000, respectively, based on
the length of the unmodified body.

The results indicate that the modified configuration has a higher 1ift-
drag ratio and greater stability, about all three axes, then does the
unmodified M-l configuration. The configuration was found to be trimmed and
stable without control deflections at a maximum L/D of 0.65 for a moment
reference center located at 5 percent of the body length directly forward of
the center of volume.

Data presented in the appendix show that the configuration has subsonic

aerodynamic characteristics which indicate a horizontal landing capabili
comparable to the M-2 configuration. .

INTRODUCTION

The advantages of a lifting entry trajectory over a ballistic entry
trajectory, as described inh reference 1, are well known. One shape which has
recelved considerable attention for 1lifting entry consists of approximately
half of a blunted cone with semivertex angle of 30°9. This configuration com-
monly known as the Ames M-1 has been investigated from subsonic to hypersonic
speeds as indicated in references 2 through 6. From these investigations
this configuration was found to be suitable for hypersonic speeds; however,
like most entry configurations it is incapable of horizontal landing and thus
requires some auxiliary equipment, such as a parachute, for safe landing.

In an unpublished investigation, George G. Edwards and George C. Kenyon
at Ames Research Center considered variations to the basic M-1 configuration
necessary to permit a horizontal landing., Some of the results from this
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investigation are presented in the appendix. These results show that the
addition of a faired afterbody to the basic M-1 configuration provides 1t
with subsonic characteristics comparable to the Ames M-2 which has been
flight tested recently at the Flight Research Center at Edwards and has been
shown to have a horizontal landing capability.

The present investigation was undertaken to see if the modification to
the M-1 caused any significant changes in the aerodynamic characteristics at
hypersonic speeds, which might affect its use as an entry configuration.
This modified configuration is hereafter referred to as the M-1-L.

NOTATION

All force coefficients are referred to the stablility axes, and the
moment coefficients are referred to the body axes with the moment reference
center located as shown in figure 1. Also shown in figure 1 are the refer-
ence axes for o and B.

A base area of basic M-1, 0,56864%
Cp drag coefficient, drag
Qoo £
CL 1ift coefficient, 1ift
o B
o) rolling-moment coefficient, XOLLiNg moment
qeed
Cn pitching-moment coefficient, pitching moment
. Qoo
. B4 -
Cn yawing-moment coefficient, LZIE& moment
goAd

Cy side-force coefficient, side force

Aol
Coe8oy refl moment reference center (see figs. 1 and 8)
a base diameter of M-1
[/ length of M-1

% lift-drag ratio
M Mach number
Qoo free-gtream dynamic pressure




r radius of curvature of lower surface of model
x! coordinate measurement parallel to conical center line of model

X coordinate measurement parallel to the upper surface of the
model forebody

z! coordinate measurement perpendicular to the conical center line
of the model in the vertical direction

Z coordinate measurement perpendicular to the upper surface of
the model
o4 angle of attack (measured with respect to flat upper surface of

the forebody)

B angle of sideslip
Subscripts
o derivative with respect to angle of attack
B derivative with respect to angle of sideslip
trim value at trim condition
max maximum value

APPARATUS AND MODELS

The tests were conducted in the Ames 1l-inch helium tunnel, This tunnel,
shown schematically in figure 2 and described in detail in reference 6, is of
the blowdown type and operates at nominal Mach numbers of 11, 17, and 21
utilizing helium as the test gas.

Forces and moments were measured by a six-component strain-gage balance
mounted on a model support system capable of providing angle variations of
+14°,  Bent stings were used to extend the angle-of-attack range and obtain
sideslip.

The dimensions of the test models are shown in figure 1, The basic con-
figuration consists of a forebody which is approximately half of a blunted
cone with a semiapex angle of 30° and an afterbody formed by extending the
“ conical surface with a faired body of revolution and extending the upper
surface with a ruled surface, in which the generating line is perpendicular
to the vertical plane of the body, so that the base area is decreased., Ver-
tical fins have been added to the upper surface of the afterbody slightly




inboard of the outer edge for subsonic stability and control. Two models
were constructed, one shown in figure 3(a) had the balance cavity at a 30°
angle relative to the upper forebody surface, and the second shown in fig-
ure 3(b) had the balance cavity parallel to this surface,

TESTS AND PROCEDURES

The tests were conducted at free-stream Mach numbers of 10.7 and 21.2
and Reynolds numbers based on the length of the unmodified M-1 of 800,000
and 1,200,000, respectively,

The force coefficients are referred to the stability axes, and the
moment coefficients are referred to the body axes. All coefficients are
referred to the base area and moment reference of the M-l as used in refer-
ences 2 through 6. Similarly, the pitching-moment coefficients are referred
to the M-1 body length and the yawing- and rolling-moment coefficients to the
M-1 base diameter.

The force and moment coefficients include the contribution of the forces
on the body base as they existed during the tests. Base pressures were
measured and from these it was found that the total contributions of the base
forces to C1, and Cp were less than 0,003 and ©.010, respectively.

The theoretical estimates of the aerodynamic coefficients presented in
the figures are based on modified Newtonian impact theory. These estimates
were made using the total pressure coefficient downstream of a normal shock
wave in helium, 1,76, rather than the unmodified Newtonian value of 2.00.

PRECISION

The estimated maximum errors due to contributions of measured stream
angularities, instrumentation, and/or data-recording errors are listed in the
following table,

M C1, Cp Cy Cy Cr Cn od B

10,7 0,010 0,008 0,006 0.0029 0,013 0.01k 0.2° 0,2°
21,2 ,017 .01k ,009 .,0048 ,022 .023 ,20 ,2©

The effect of the uncertainty in the dynamic pressure is not included in
the above values; however, it is less than 1 percent for Mach number 10,7 and
1.5 percent for Mach number 21.2,




RESULTS AND DISCUSSION

The aerodynamic characteristics of the M-1-L configuration are presented
in figures L4, 5, and 6, These characteristics are compared with those for
the M-1 in figure 7, and an analysis of the effect of the location of the
moment reference center on trim characteristics is shown in figure 8,

The aerodynamic characteristics of the M-1-L were very nearly the same
for the two Mach numbers., The maximum L/D was about 0,65 and occurred near
zero angle of attack, The trim angle of attack is about -14° with an L/D
of about O.4 for the moment reference originally used with the M-1. The
theoretical estimates shown in figures 4 and 5 are in relatively good agree-
ment with the experimental results,

The M-1-1L configuration was laterally and dlrectionally stable with only
relatively small variations in stability over the angle-of-attack range from
-14° to +1L4° as shown in figure 6(a). These results were generally deter-
mined from two-point slopes of data obtained at sideslip angles of 0° and 7°.
The slopes at zero angle of attack and the linearity of the data at small
angles of sideslip were verified by results obtained for B = -14° to +14° as
shown in figure 6(b).

Additional data presented in figures 5 and 6(b) show the variation of
the aerodynamic characteristics of the M-1-L with and without vertical fins.
From these data it is apparent that the effect of the vertical fins on the
aerodynamic coefficients at hypersonic speeds is very small.

As was expected, the addition of the afterbody to the M-1 increased the
1lift, the drag, and the longitudinal and directional stability (see fig, 7).
These increases tend to become smaller at negative angles of attack where the
afterbody becomes shaded., An increase in the L/D also occurred which was
nearly constant over the angle-of-attack range shown., Also noted is a large
negative shift in the trim point which is due to the additional 1lift of the
afterbody creating a negative moment.

Moment-~Reference Effect on Trim Conditions

The moment-center location initially chosen for the M-1-L was the same
as that for the basic M-1. As noted, this location does not provide trim
without control deflection at the maximum L/D generally desired. ©Since
trim at or near maximum L/D would require a change in the moment-reference
center, an analysis was made to indicate the moment-center locations required
to provide trim at various angles of attack for a given stability. These
results are presented in figure 8. Imposed on a sketch of the M-1-L are
lines of constant trim angle of attack and constant stability at trim, The
intersection of the two lines indicate the moment-center location required
for the trim condition indicated. The trim angles shown will provide an L/D
of 0.5 or greater. It is apparent that the configuration is stable and




trimmed for a number of center-of-gravity locations. One condition for which
the configuration is trimmed at 0° angle of attack (maximum L/D) is with the
center of gravity located about 5 percent of the body length directly forward
of the center of volume.

The quadrant labeled "off trim instability area" represents moment-
center locations for which a secondary unstable trim point occurs for some
angle of attack greater than —150.

A check was also made on the lateral-directional stability characteris-
tics with variations in the moment-reference center and it was found that
the configuration is laterally and directionally stable for any moment-center
location which provides longitudinal stability. '

CONCLUDING REMARKS

A configuration, basically the Ames M-1l, modified to have a horizontal
landing capability, was investigated at Mach numbers 10.7 and 21.2 in helium.
For these Mach numbers the modifications increased the 1ift, drag, lift-drag
ratio, and stability. The configuration is statically stable about all three
axes and 1s trimmed without control deflections at a maximum L/D of 0.65
for a moment-reference center located 5 percent of the body length directly
forward of the center of volume.

From data presented in the appendix it is apparent that the M-1-L should
have a horizontal landing capability comparable to the M-2.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., July 21, 196k




APPENDTX

COMPARISON OF THE M-1-L WITH THE M-2 AT SUBSONIC SPEED

Previously unpublished subsonic data for the M-1-L which was obtained by
Edwards and Kenyon in the Ames 12-foot wind tunnel are presented in figures 9
and 10, Here aerodynamic characteristics for the M-1-L are compared with the
characteristics for the M-2 as given in references 7 and 8, For ease of com-
parison, the angles of attack for both models are measured relative to the
lower cone meridian lines of the models.

The aerodynamic coefficients are referred to the body plan~-form area,
with pitching moments referenced to the maximum body lengths parallel to the
conical center lines, The reference lengths for yawing and rolling moments
are the spans of the body bases. Reynolds numbers shown are also referred
to the maximum body lengths parallel to the conical center lines,

These results indicate that the longitudinal characteristics of the
M-1-I are very nearly the same as those of the M-2. The only notable differ-
ence is in the angle of trim. This difference would be reduced by a rearward
shift in the moment-reference center.

The lateral and directional stability data indicate that the M-1-L is
stable although not as stable as the M-2., From these data it 1s concluded
that the M-1-I is probably capable of horizontal landing at reasonable
touchdown speeds,
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(b) 0° model. A=3a0ut

Figure 3.- Photographs of the test models.
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